Mechanochromic luminescent compounds based on organic and organometallic compounds have recently attracted attention because of potential applications in sensing and recording devices. 1 The luminescence properties of many mechanochromic compounds are strongly correlated with their molecular packing arrangements in the solid state. 2 Therefore, controlling the molecular arrangements of mechanochromic compounds is important to tune their emission properties.
Luminescent mechanochromism of a chiral gold(I) complex is investigated. The racemic and homochiral forms of the gold(I) complex possess distinct crystal packing arrangements with different emission colors. Upon mechanical stimulation, both crystals transform into amorphous powders that exhibit similar emission colors.
Mechanochromic luminescent compounds based on organic and organometallic compounds have recently attracted attention because of potential applications in sensing and recording devices. 1 The luminescence properties of many mechanochromic compounds are strongly correlated with their molecular packing arrangements in the solid state. 2 Therefore, controlling the molecular arrangements of mechanochromic compounds is important to tune their emission properties.
Racemic and homochiral compounds often crystallize into different structures that show different physical properties even though they have the same chemical composition. Wallach's rule states that racemic crystals tend to be denser than their homochiral equivalents. 3 Based on this viewpoint, crystals of racemic and homochiral compounds have been investigated with the aim of controlling the molecular packing arrangement in the solid phase and the resulting physical properties. 4 In 1982, Roitman et al. 5a reported that racemic and homochiral 1phenylpropyl 9-anthroate crystals display obviously different emission properties. Numerous crystals with different enantiomer compositions that afford distinct emission properties have been reported. 5 However, the different mechanochromic properties of racemic and homochiral crystalline luminescent materials have not been investigated. 6 We previously reported reversible luminescent mechanochromism of [(C 6 F 5 Au) 2 (µ-1,4-)]diisocyanobenzene. 2a Based on this finding, we successfully developed several mechanochromic compounds that display various mechanoresponsive emission color changes. Introducing triethylene glycol side chains into the above aryl gold(I) isocyanide complex resulted in novel mechanochromism based on crystal-to-crystal transformation mediated by a transient amorphous state. 7a A similar compound bearing 4-perfluoropyridyl gold(I) moieties instead of pentafluorophenyl gold(I) exhibits four different emission colors that are interconvertible through mechanical stimulation and solvent exposure. 7b Recently, we reported complexes showing mechano-induced single-crystal-to-single-crystal phase transitions. 7c,d Through these studies, we realized that the aryl gold(I) isocyanide moiety is an excellent basic structure to produce new mechanochromic materials. We anticipate that aryl gold(I) isocyanides could be modified with chiral structures to afford new mechanochromic complexes. Herein, we report binaphthyl gold(I) isocyanide complex 1, which possesses an axially chiral moiety. Crystals prepared from racemic [(rac)-1] and homochiral [(S)-1] complexes display distinct emission colors. These two different crystals exhibit luminescent mechanochromism, showing similar red-shifted emission after grinding ( Fig. 1a and b ). This is the first comparison of mechanochromism in racemic and homochiral crystals of a chiral compound. Gold(I) isocyanide complexes (rac)-1 and (S)-1 were synthesized from the corresponding chiral isocyanide gold(I) complex precursors, (rac)-2,2'-[NC-Au(I)-Cl] 2 -binaphthyl and (S)-2,2'-[NC-Au(I)-Cl] 2binaphthyl, respectively, 8 through modification of our reported procedures. 7 Crystallization of (rac)-1 from CH 2 Cl 2 /hexane for 6 h afforded cubic crystals of (rac)-1G that displayed yellowish green emission under ultraviolet irradiation ( Fig. 1c , λ ex = 365 nm). The same crystallization process of (S)-1 afforded hexahedral crystals of (S)-1G showing green emission ( Fig. 1d) , which is clearly different from that of (rac)-1G crystals. Both (rac)-1G and (S)-1G displayed luminescent mechanochromism ( Fig. 1c and d ). When the yellowish green-emitting crystals of (rac)-1G were ground by a mortar and pestle or ball mill at room temperature, a powder of (rac)-1G ground exhibiting red emission was formed. Similar mechanical stimulation of the green-emitting crystals of (S)-1G gave the powder (S)-1G ground , which has a similar emission color to that of (rac)-1G crystals.
To investigate the structure of each phase, single-crystal X-ray diffraction (XRD) analyses of (rac)-1G and (S)-1G crystals as well as powder XRD analyses of the ground samples (rac)-1G ground and (S)-1G ground were performed. Single-crystal XRD analysis revealed that (rac)-1G crystallized in the Pbcn space group. In the (rac)-1G crystal, two molecules of the same enantiomer formed a dimer unit, denoted as an S-S or R-R dimer, where each molecule was connected through aurophilic interactions with Au-Au distances of 3.06, 3.34, and 3.06 Å and CH−π interactions ( Fig. 2a ). Both the S-S and R-R dimers contained an inversion center (red dots in Fig. 2b and c) . The S-S dimers adopted a layer structure, denoted as an S-type layer. Adjacent to the S-type layer, an R-type layer formed through the interactions of R-R dimers (Fig. 2c ). The crystalline lattice contained CH 2 Cl 2 , which was used for recrystallization.
The crystal structure of (S)-1G was quite different from that of (rac)-1G. (S)-1G crystallized in the chiral space group P2 1 2 1 2 1 . In the crystal, two (S)-1 molecules formed a dimer unit, similar to those found in (rac)-1G. Each dimer was held together by three aurophilic bonds with Au-Au distances of 3.07, 3.14, and 3.16 Å and CH− π interactions (Fig. 2d ). The relative arrangement of dimers in (S)-1G was markedly different from that in (rac)-1G. In the case of (S)-1G, two adjacent S-S dimers were packed as shown in Fig. 2e and S11 and there were no inversion centers. This difference of dimer arrangement reflects how the layer structure of (S)-1G is distinct from that of (rac)-1G ( Fig. 2c and f) . Disordered CH 2 Cl 2 molecules were located between the two adjacent dimers (Fig. 2f) .
The structural changes of (rac)-1G and (S)-1G induced by mechanical stimulation were observed by powder XRD measurements. Ground powders (rac)-1G ground and (S)-1G ground were prepared by ball milling (rac)-1G and (S)-1G for 30 min at 4600 rpm, respectively. The lack of features in the powder XRD patterns of (rac)-1G ground and (S)-1G ground reveals that both powders are amorphous (orange lines in Fig. 3a and b ). As already mentioned above, crystals of (rac)-1G and (S)-1G included 0.25 and 0.5 equiv. of CH 2 Cl 2 molecules in each crystalline lattice, respectively [thermogravimetric analysis (TGA) (Fig. S1 ), 1 H NMR spectral data (Fig. S2) , and single-crystal XRD analysis ( Fig. S3 and S4) are presented in ESI]. In contrast, elemental analyses, TGA and 1 H NMR spectroscopy of (rac)-1G ground and (S)-1G ground revealed that both the ground powders do not include CH 2 Cl 2 molecules (Table S1, Fig. S1 and S2 ). The CH 2 Cl 2 molecules in both (rac)-1G and (S)-1G can be removed by holding the samples under vacuum at 65 °C for 1 h (Fig S5) . Both (rac)-1G and (S)-1G remained crystalline after removal of CH 2 Cl 2 , and their emission colors did not change ( Fig.  S6-S8 ). Emission spectroscopy measurements of pristine (rac)-1G and (S)-1G and their ground phases were performed. The emission spectrum of (rac)-1G is broad with a maximum emission wavelength λ em,max of 546 nm upon excitation at 365 nm (light green solid line in Fig. 4a ). Upon grinding, the emission of (rac)-1G shows a clear red shift. The ground powder (rac)-1G ground exhibited a broad emission spectrum with λ em,max at 664 nm (orange solid line in Fig. 4a ). The emission spectrum of (S)-1G (green solid line in Fig. 4a ) is different from that of (rac)-1G. For example, λ em,max of (S)-1G is 517 nm, which is shorter than that of (rac)-1G. In contrast, the emission spectrum of (S)-1G ground (λ em,max = 664 nm, red solid line in Fig. 4a ) is almost the same as that of (rac)-1G ground .
Excitation spectra of the samples were measured. The excitation spectrum of (rac)-1G contained a broad band ranging from 350 to 480 nm with a maximum excitation wavelength λ ex,max of 454 nm (λ em = 546 nm, light green solid line in Fig. 4b ). The excitation spectrum of (rac)-1G ground also possessed a similar broad band with λ ex,max = 449 nm (λ em = 546 nm, orange solid line in Fig. 4b ).
In the case of (S)-1G, similar excitation spectral changes were observed. The excitation spectrum of (S)-1G obtained at 517 nm contained a broad band spanning 350−500 nm with λ ex,max = 458 nm (green solid line in Fig. 4b ). In the case of (S)-1G ground , a similar broad excitation spectrum with λ ex,max = 445 nm was observed at 664 nm. This result indicates that the excitation spectra of this system are not strongly influenced by distinct molecular packing arrangements.
Emission lifetimes and quantum yields Φ em of both crystals and their ground powders were measured. (rac)-1G showed a low Φ em of 0.08 with an average emission lifetime τ av of 5.34 μs, while the ground powder (rac)-1G ground displayed an increased Φ em of 0.21. τ av of (rac)-1G ground is 5.10 µs, which is slightly shorter than that of (rac)-1G (Table 1, Fig. S9 ). In the case of (S)-1G, Φ em was also low (0.02). After grinding, Φ em of (S)-1G ground increased to 0.13.
Meanwhile, τ av of (S)-1G and (S)-1G ground were almost the same at 5.34 and 5.36 µs, respectively (Table 1, Fig. S9 ). The photoluminescent intensities of (rac)-1 and (S)-1 in CH 2 Cl 2 were very weak, so we could not measure their emission properties ( Fig.  S10 and S11 ). This indicates that the high emission intensities of solid-state (rac)-1 and (S)-1 strongly depend on their aggregated structures. 9 Fig. 4 (a) Emission spectra changes from (rac)-1G to (rac)-1Gground, and from (S)-1G to (S)-1Gground (λex=365 nm). (b) Excitation spectra of (rac)-1G, (S)-1G, (rac)-1Gground, and (rac)-1Gground obtained at each λem,max. The relationships between the emission properties and crystal structures of each phase are now discussed. Dimer units constructed from two molecules of the same enantiomer, such as S-S dimers, are observed in both (rac)-1G and (S)-1G. The fundamental structures of dimers found in (rac)-1G and (S)-1G crystals are very similar. For example, three aurophilic bonds are present in both crystals, and the average Au-Au distances of (rac)-1G and (S)-1G are 3.15 and 3.12 Å, respectively, which is a difference of only 0.03 Å. The minimum dihedral angle between the naphthyl groups of the binaphthyl moiety (θ binaphthyl ) of (rac)-1G was 71.15°, and that of (S)-1G was 70.11°. The average θ binaphthyl of dimers in (rac)-1G and (S)-1G were 71.15° and 71.20°, respectively ( Fig. 2a and 2d) . Therefore, the considerable structural difference between crystalline (rac)-1G and (S)-1G probably lies in the relative arrangements of the dimer units rather than the structure of the dimer unit itself. The powder XRD patterns suggest that both (rac)-1G ground and (S)-1G ground adopt random molecular arrangements, indicating collapse of the dimer packing upon mechanical stimulation (Fig. 5 ). Both ground powders show similar
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Please do not adjust margins Please do not adjust margins red-shifted emission with higher Φ em than those of their parent crystals. Because a red shift of emission and increase of Φ em are typically observed for mechanochromic gold(I) isocyanide complexes, these experimental results suggest that the aurophilic interactions strengthen after mechanical stimulation. 7 The elaborated crystal structure and photophysical property differences between (rac)-1 and (S)-1 crystals, which originated from different enantiomer compositions, were amalgamated into uniform amorphous structures with similar emission colors by grinding. It should be noted that only mechanical stimulation promoted this amorphization with the disappearance of the individuality of racemic and homochiral crystals. Racemic and homochiral forms of gold(I) isocyanide complex 1 possessing a binaphthyl moiety with distinct luminescent crystals that exhibit mechanochromism. Crystals of (rac)-1G and (S)-1G showed distinct emission colors and different crystal packing structures. The powders obtained by grinding both crystals were amorphous and displayed similar emission colors. This is the first example of luminescent mechanochromism of racemic and homochiral compounds that display distinct emission colors. These results indicate that the introduction of chirality can be a promising structure modification to tune the properties of mechanochromic materials.
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